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Objectives: To investigate he association between changes in the ankle-brachial pressure index (ABPI) and simultaneous 
changes in calf volume following percutaneous transluminaI ngioplasty (PTA) for chronic leg ischaemia. 
Materials: A total of 37 consecutive patients undergoing PTA for chronic leg ischaemia. 
Methods: Bilateral calf volume, as calculated from girth measurements, and ABPI were determined before PTA, and 
repeated 24 h and I week following the procedure. Changes in the calf volume of the treated leg, both absolute and relative 
to changes of the non-treated leg, were then related to simultaneous changes in ABPI. 
Results: Twenty-four hours following PTA, the calf volumes of both legs were decreased, although the ratio of the treated: 
untreated leg had increased by 2.4% (CI + 1.1-3.7, p<O.01). After 1 week there was no difference in calf volume. These 
patterns were observed both in the 21 patients who had ABPI improvement of 0.15 or more 1 week following PTA, and 
in the 16 whose ABPI was unchanged. In the former group ABPI improved by a further 0.13 between 24h and 1 week 
following PTA (p<O.05), but there was no relationship between this delayed ABPI increase and simultaneous changes in 
calf volume. 
Conclusions: We did not detect any significant calf swelling following PTA. Furthermore, changes in ABPI were not 
related to changes in calf volume. 
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Introduction 
Oedema is commonly observed following surgical re- 
vascularisation of a chronically ischaemic leg, 1 and 
may last for several months. There is no accepted 
mechanism for its formation, although peroperative 
disruption of lymphatics, 1-4 and increased capillary 
permeability due to smooth muscle atrophy 5-7 or dam- 
age by free radicals a'9 are possible causes. Changes 
in calf volume have also been reported following 
percutaneous revascularisation 1° and may be an arte- 
factual cause of the delayed improvement in ankle- 
brachial pressure indices noted after these pro- 
cedures) °-12 To clarify this further we have measured 
limb volumes for i week following balloon angioplasty 
for chronic leg ischaemia, and related these to ABPI 
measurements during that period. 
Patients and Methods 
The study involved 37 patients undergoing per- 
cutaneous transluminal angioplasty (PTA) for chronic 
* Please address all correspondence to: Mr. S. A. Ray, 48 Lysias 
Road, London SW12 8BP, U.K. 
leg ischaemia. Of these, 27 had disabling claudication, 
seven had rest pain and three ischaemic foot or ankle 
ulceration. Following ipsilateral common femoral ar- 
• tery puncture, balloon dilatation was performed of the 
common or external iliac artery in 16 patients, of the 
superficial or profunda femoral arteries in 18 patients, 
and of the popliteal or tibial arteries in three patients. 
All procedures were deemed technically successful, 
with any residual stenosis less than 30% normal lu- 
minal diameter. 
On the day before PTA each patient was rested 
supine for 30 min. Thin circumferential lines were then 
drawn with an indelible pen over a string placed 
around both legs at sites 10 cm distal to the maximum 
protuberance of the tibial tuberosity (i.e. around the 
calf)~ and 10 cm proximal to the apex of the medial 
malleolus (i.e. around the ankle). A tape measure was 
used to determine these two circumferences, labelled 
c and a respectively, aswell as the longitudinal distance 
between the two circles, h, to the nearest ram. The 
volume of the enclosed segment of leg was then cal- 
culated according to the formula for the frustrum of 
a cone: 
V = h(c 2 + a 2 + ac) / 12 pi 
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Table 1. Change in calf volume of treated and non-treated legs following percutaneous transluminal angioplasty (PTA). 
Treated leg Non-treated leg Change (mean + 95% CI) 
(% initial volume) (% initial volume) in treated/non-treated leg 
volume ratio (%) 
24 h post-PTA 99.7 97.2 + 2.40 (1.1-3.7)* 
1 week post-PTA 102.8 101.8 +0.89 (-1.1-2.9) 
* p<0.01. 
This technique of assessing volume change has been 
shown to be as accurate as the water displacement 
technique 3"13 and has already been reported in the 
assessment of limb swelling following surgical re- 
vascularisation. 7 In our laboratory, repeated calf vol- 
ume measurement using this method carries a 
coefficient of variation of 1.9% over 24h (r=0.97, 
p<0.01). This is not altered by expressing the calf 
volume as a ratio of the other limb. 
Ankle-brachial pressure indices (ABPI) were meas- 
ured using a hand-held portable Doppler ultrasonic 
probe (Minidopplex D500; Huntleigh Technology, Car- 
diff, U.K.) after measuring calf volume to avoid the 
effects of cuff compression on the ankle girth. Calf 
volume and ABPI measurements were repeated 24 h 
and 1 week following PTA. Patients were requested 
not to wash off the markings during that time. 
Changes in ABPI and calf volumes were analysed 
using the paired t-test on a statistical software package 
(Clinstat; Professor J.M. Bland, St. George's Hospital 
Medical School, London). 
Results 
Measurements were completed in all 37 patients. There 
were no clinically detectable groin haematomata and 
no patients reported leg swelling. Mean (S.D.) ABPI 
increased from 0.57 (0.18) before PTA to 0.69 (0.24) 
24 h following PTA (p<0.05), with a further significant 
increase to 0.76 (0.24) at i week. Of the 37 patients, 21 
(57%) had an absolute ABPI increase of 0.15 or more 
following the procedure with their mean ABPI, in- 
creasing from 0.52 before PTA to 0.73, 24 h following 
the procedure and to 0.86, 1 week later. 
Table 1 shows the changes in calf volumes of both 
treated and non-treated legs for I week following PTA. 
Although there was no change in the calf volume of 
the treated leg 24 h following PTA, the ratio of the 
treated:non-treated l g volumes was significantly in- 
creased. One week after PTA there were no significant 
changes in the absolute or relative volumes of the legs. 
This pattern was observed regardless of whether the 
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Fig. 1. Relationship between changes in ABPI and calf volume 
between days i and 7 post-PTA. 
PTA was performed above or below the inguinal lig- 
ament, or whether the patient had claudication or 
limb-threatening ischaemia. 
The relationship between the delayed increase in 
ABPI and changes in the calf volume of the treated 
leg following PTA is shown in Fig. 1 for each of the 
21 patients who had an increase in ABPI of 0.15 or 
more, i.e. objective evidence of a successful re- 
vascularisation. There is no association between the 
small, non-significant degree of calf swelling observed 
between 24h and 1 week following PTA and the 
simultaneous, significant increase in ABPI. Fur- 
thermore, in the study group as a whole, the ABPI 
increase over that time was no different in the nine 
patients whose legs increased in volume by 5% or 
more after PTA (0.63-0.66), and the 28 whose leg 
volumes changed by less than this (0.71-0.79). Similar 
results were found using absolute ankle systolic pres- 
sures instead of ratios. 
Discussion 
Postoperative oedema is a frequent occurrence fol- 
lowing surgical revascularisation 1 and can increase the 
limb volume by up to 30%. 3 Although compartment 
syndrome is a rare complication, t3 mobilisation and 
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wound healing may be delayed. The exact cause of 
post-revascularisation edema is not known. Some 
investigators have noted that postoperative l g swell- 
ing is related to the duration and severity of pre- 
existing ischaemia nd have therefore proposed that 
ischaemic atrophy of vascular smooth muscle cells 
leads to hyperaemia nd increased capillary filtration 
following revascularisationY Perry and Fantini 8 have 
also suggested increased capillary permeability con- 
sequent o damage by free radicals released as part of 
ischaemic reperfusion. Vaughan et aI. and Porter et al. 
have both demonstrated lymphatic disruption fol- 
lowing groin dissection for infrainguinal re- 
vascularisation, the severity of which was proportional 
to the postoperative swelling. 1'2 
Payne et al. have reported a 2.1% increase in the 
volume ratio (treated:non-treated limb) of legs 24 h 
following PTA, although the absolute changes in each 
limb were not stated. 1° In our study the increase in 
volume ratio was similar at 2.4%, but this was due to 
a decrease in the volume of the control, non-treated 
leg. This may be due to redistribution of fluid during 
the enforced period of recumbency immediately fol- 
lowing PTA. Persson et al. have also reported adecrease 
in the volume of legs 24 h following suprainguinal 
reconstruction, 3 whilst Simeone and Husni noted that 
postoperative oedema was only observed once the 
patient was ambulatory. 5 In this study the relative 
retention of fluid in the treated leg following PTA 
occurred regardless of the ABPI increase and is there- 
fore more suggestive of a mechanical cause for the 
oedema such as lymphatic damage, or compression 
during haemostasis, rather than a phenomenon related 
to the degree of improved peripheral perfusion. This 
also supports the role of lymphatic disruption as a 
cause of severe limb oedema following open vascular 
reconstruction. 
One week following PTA we noted that, although 
the absolute volume of the treated leg had increased 
by approximately 3%, the limb volume ratio was un- 
changed. This contrasts with Payne et al.'s report of a 
4% increase in limb volume ratio at this time. 1° This 
does not appear to be due to a difference in case mix 
or success of revascularisation, as the patients in Payne 
et aI.'s study had comparable indications for PTA and 
ABPI changes following the procedures to this study. 
It is pdssible that the volume changes were mainly 
confined to the foot, which was not measured in our 
study. Alternatively, there may have been increased 
lymphatic obstruction due to groin haematomata in
Payne et al.'s study, as four of the 25 patients noted 
limb swelling themselves and were even investigated 
for possible deep venous thrombosis. This degree of 
swelling following PTA is unusual in our experience 
and was not reported by any of our patients. 
Delayed improvement in ABPI following PTA is well 
documented and contrasts with the increase observed 
after bypass surgery, which is complete within 24 h. 
Possible mechanisms for the delayed ABPI increase 
after PTA include remodelling or lysis of thrombus at 
the PTA site, relief of post-traumatic vasospasm l~ or 
embolisation, passive arterial dilatation 12 and delayed 
improvement in collateral circulation. Because Payne 
et al. noted a simultaneous increase in limb swelling 
and ABPI improvement, they have also suggested 
that the transmission of pressure from the pneumatic 
tourniquet might be compromised and lead to a falsely 
high reading, l° We have tested this hypothesis by 
comparing the changes in volume of the treated leg 
in relation to the delayed haemodynamic improvement 
(Fig. 1), and found that the ABPI change was in- 
dependent of simultaneous changes in calf size. Al- 
though this method of measuring limb volume 
excludes changes above or below the calf, the area of 
the ankle covered by the pneumatic uff during ABPI 
measurement is included. It is therefore more likely 
that the pattern of haemodynamic mprovement fol- 
lowing PTA is influenced by other factors such as 
dynamic morphological changes at the angioplasty 
site, and it is to these that current research is being 
directed. 
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